Since the discovery of the quantum Hall effect, tremendous attention has been paid to topological phases of matters, as they go beyond the conventional classification of phases of matters based on spontaneous symmetry breaking, namely the well-known Ginzburg-Landau-Wilson paradigm [1] [2] [3] [4] . Materials of the same symmetry can have distinct physical properties as characterized by the topological invariants of the energy bands below the band gap where the Fermi level resides. These topological invariants of an insulator result in robust gapless edge states and quantized physical responses (e.g., Hall conductance) [1] [2] [3] [4] . Recently, by gapping out the edge states of topological insulators, HOTIs are created, where robust corner or hinge states emerge in the edge gap due to topological mechanisms [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] .
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It has been shown that the concept of topological insulators can be extended to acoustic waves in 2D SCs, leading to the discovery of 1D gapless edge states as waveguide channels robust against disorders [16] [17] [18] [19] [20] [21] [22] [23] . The quest for HOTIs in SCs, however, is not straightforward, since the existing proposals for HOTIs are based on tight-binding models with designed hopping configurations, which are difficult to realize in conventional SCs. Moreover, acoustic band structures in conventional SCs are associated with multiple Bragg scatterings and are not able to be described by tight-binding theory since the Wannier functions are not exponentially localized [36] .
In this Letter, we construct acoustic SOTIs through topological crystalline insulators [37] induced by gapping out a Dirac point at the Brillouin zone corner (i.e., the M point) of a 2D squarelattice SC. Topological edge states emerge at the boundary between two SCs with opposite Dirac masses. Since the band-degeneracy at the Dirac point is protected by the crystalline symmetries which are absent at the boundaries, the edge states have gapped spectrum, leading to 1D massive Dirac dispersions [14] . Remarkably, the Dirac masses of the 1D edge bands have opposite signs for the boundaries along the and directions, resulting in emergent Jackiw-Rebbi soliton states [38, 39] localized at the corners shared by these boundaries (see Fig.1a ).
To realize the above scenario, we design a 2D square-lattice SC with four meta-atoms in each unit-cell (Fig.1b) . Each meta-atom is a photosensitive resin (a 3D printable material) block, which can be regarded as impenetrable for acoustic waves. The choice of four meta-atoms as a unit-cell is in fact a doubling of the primitive cell but a minimal unit-cell that is compatible with the supercells for the edge and corner states [40] . By rotating the angle of the four meta-atoms, Dirac points can be created and gapped out in different ways. The topological phase diagram of the bulk acoustic band is illustrated in Fig. 1c , which contains two different phases: the normal band gap (NBG) phase and the SOTI phase. The latter corresponds to parity inversion as illustrated in The two pseudo-spin polarized 1D edge bands of the topological crystalline insulator are supposed to cross each other at the = ( = ) point to form gapless Dirac dispersions for the edge along the ( ) direction. However, because the glide symmetries that protect the topological order are broken on those boundaries, the edge bands are generally gapped, leading to massive 1D Dirac dispersions. The Dirac mass at the edges, ( ), can be characterized by the frequency difference between the odd and even modes at the = ( = ) point.
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Remarkably, these Dirac masses are also tunable through the rotation angle of the meta-atoms. Above discussed topological transitions give rise to various transitions among the bulk, edge and corner states, as indicated in Fig. 4c . In a box-shaped supercell calculation, the corner states studied in Fig. 3 merge into the bulk when approaches 90° due to the bulk topological transition. However, when approaches 25°, the corner states merge into edge states due to the edge gap closing and the topological transition in the edge bands. Further decreasing of the angle leads to a transition from edge states to bulk states caused by the bulk topological transition at = 0°. Beyond the region of 0°< < 90°, the edge and corner states vanish as the inner SC becomes a NBG SC. These topological transitions can be used to transfer acoustic energy among bulk, edge and corner modes. Finally, we remark that for close to or smaller than 25°, the edge gap is too small to support distinguishable corner states, although the Jackiw-Rebbi mechanism remains valid.
Achieving topological transitions among the bulk, edge and corner modes in a single chip is of fundamental importance, which can enable topologically protected 1D and 0D modes for integrated acoustic devices as well as topologically induced acoustic energy transfer among different dimensions. Our study uncovers the underlying physics for such hierarchical topological 
Methods Experiments
The present SC consists of blocks made of photosensitive resin (modulus 2765 MPa, density 1.3 g/cm 3 ). We utilize a stereo lithography apparatus to fabricate the samples: one with = 0.15 and = 0.5 for the edge state measurements, and, the other with = 0.1 and = 0.4 for the corner state measurements, where = 2 cm is the lattice constant. The geometric tolerance is roughly 2 mm. The height of our samples is chosen to be 1 cm, roughly half the lattice constant.
In the measurements, the samples are enclosed in the vertical direction by two flat acoustically rigid plates to form a waveguide, such that at the operating frequencies ~10 kHz, only 0th order mode can be excited. This ensures that the 2D approximation is applicable (see Supplementary
Information for more details). The experimental data plotted in Fig. 2a are collected from the following procedure. We first scan the acoustic pressure field distribution under a specific frequency excitation. The experiments are conducted using an acoustic transducer to generate 
